Critical role for polar residues in coupling leukotriene B4 binding to signal transduction in BLT1.
Leukotriene B(4) (LTB(4)) mediates a variety of inflammatory diseases such as asthma, arthritis, atherosclerosis, and cancer through activation of the G-protein-coupled receptor, BLT1. Using in silico molecular dynamics simulations combined with site-directed mutagenesis we characterized the ligand binding site and activation mechanism for BLT1. Mutation of residues predicted as potential ligand contact points in transmembrane domains (TMs) III (H94A and Y102A), V (E185A), and VI (N241A) resulted in reduced binding affinity. Analysis of arginines in extracellular loop 2 revealed that mutating arginine 156 but not arginine 171 or 178 to alanine resulted in complete loss of LTB(4) binding to BLT1. Structural models for the ligand-free and ligand-bound states of BLT1 revealed an activation core formed around Asp-64, displaying multiple dynamic interactions with Asn-36, Ser-100, and Asn-281 and a triad of serines, Ser-276, Ser-277, and Ser-278. Mutagenesis of many of these residues in BLT1 resulted in loss of signaling capacity while retaining normal LTB(4) binding function. Thus, polar residues within TMs III, V, and VI and extracellular loop 2 are critical for ligand binding, whereas polar residues in TMs II, III, and VII play a central role in transducing the ligand-induced conformational change to activation. The delineation of a validated binding site and activation mechanism should facilitate structure-based design of inhibitors targeting BLT1.